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Background: Resistance toward quaternary ammonium compounds (QACs) is widespread among a diverse range of microorganisms
and is facilitated by several mechanisms such as biofilm formation.

Objectives: In this study, the effects of benzalkonium chloride on planktonic growth and biofilm formation by some field isolates of
animal bacterial pathogens were investigated.

Materials and Methods: Forty clinical isolates of Escherichia coli, Salmonella serotypes, Staphylococcus aureus and Streptococcus agalactiae
(10 isolates of each) were examined for effects of benzalkonium chloride on biofilm formation and planktonic growth using microtiter
plates. For all the examined strains in the presence of benzalkonium chloride, biofilm development and planktonic growth were affected
at the same concentrations of disinfectant.

Results: The means of strains growth increase after the minimal inhibitory concentration (MIC) were significant in all the bacteria (except
for E. coli in 1/32 and S. agalactiae in of 1/8 MIC). Biofilm formation increased with decrease of antiseptics concentration; a significant
increase was found in all the samples. The most darkness related to S. aureus and the least to Salmonella.

Conclusions: Bacterial resistance against quaternary ammonium compounds is increasing which can increase the bacterial biofilm

formation.

Keywords:Biofilms; Benzalkonium Compounds; Salmonella; Staphylococcus; Streptococcus

1. Background

Biofilms are known to provide a protective environ-
ment for pathogenic bacteria, parasites and viruses,
aiding their resistance to antimicrobials, leading to
different diseases in animals and humans (1). Bacteria,
inside biofilms, have increased resistance to antimi-
crobial agents (2). The biofilm effect on bacterial resis-
tance is thought to be related to a direct role for the
exopolymeric matrix as a diffusion barrier, a chemical
reaction of some chemicals with the biofilm matrix,
and physiological differences between fixed and sus-
pended organisms (3). Microbial cells in biofilms can
easily detach voluntarily or involuntarily from biofilms
to aid their dispersal, which represents a very impor-
tant survival strategy (4). Consequently, bacterial cells
which reside in the planktonic phase are thought to be
in a phase of moving from one surface to another (5).
It is plausible to suggest that these dispersal strategies
are therefore the causes of food and water contamina-
tion and consequently animal and human infections/
diseases (6, 7).

In animal species, the risk of infection is probably

considerably greater than the risk in humans. This
is due to the difference in animal housing and living
environments. In addition to their ability to colonize
body surfaces, biofilms are able to colonize artificial
surfaces including tubing and implants, such as intra-
venous catheters, teeth and gingivae, lungs, ears, uro-
genital tract, and wounds (8).

In the present work, we investigated whether the bio-
film formation of some field strains of animal patho-
gens can be influenced by benzalkonium chloride, at
in-use and sub-minimal inhibitory concentrations
(sub-MICs). Among cationic antimicrobial agents,
quaternary ammonium compounds (QACs) like ben-
zalkonium chlorides have different behaviors. QACs
on the contrary of biguanides, fully interact with the
membrane and are therefore susceptible to resistance
mechanisms mediated through multidrug efflux
pumps (9). QACs can cause various degrees of ocular
and dermal irritations (10), whereas the toxicity profile
with regard to skin irritancy and hypersensitivity of bi-
guanides is excellent at typical in-use levels (11).
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2. Objectives

In this study, the effects of benzalkonium chloride
on planktonic growth and biofilm formation by some
field isolates of animal bacterial pathogens were inves-
tigated.

3. Materials and Methods

3.1. Bacterial Strains

Isolates of Escherichia coli were isolated from dead poul-
try, referred to the veterinary clinic of Shahrekord Univer-
sity by regional poultry farms. Staphylococcus aureus and
Streptococcus agalactiae had been isolated from mastitis
cow milk in our previous works (12, 13). Salmonella sero-
types were isolated from different animals and preserved
in the collection of microbiology laboratory of veterinary
college. The methods for isolation and identification of
all the isolates were based on Queen et al. guidelines (14).
Briefly after Gram staining, catalase and oxidase exami-
nations, colonies were pure cultured on sheep blood agar
plates (Merck, Darmstadt, Germany).

Hemolysis was scored and then subjected to cyclic ad-
enosine monophosphate (CAMP) (on sheep blood agar),
esculin hydrolysis (on TKT [Berlin Treptow-Kopenick])
and rapid hippurate hydrolysis tests for Gram-positive
samples. In addition, the growth of isolates on MacCo-
nkey agar (Merck, Darmstadt, Germany) was examined.
Carbohydrate utilization test was conducted for all the
isolates in phenol red broth (BBL) with 1% final concen-
tration of the following carbohydrates: lactose, maltose,
mannitol, raffinose, salicin and trehalose. Positive reac-
tions were indicated by a change from red to yellow after
aerobic incubation at 37°C for 24 hours.

3.2. Biofilm Assay

Biofilm formation was evaluated using end-smooth
96-cell microplates, as explained by Tendolkar and col-
leagues (13). Briefly, the isolates were grown at 37°C in TSB
[Tryptic soy broth] (Merck, Darmstadt, Germany). Bacte-
rial cells were then pelleted at 6000 x g for 10 minutes
and the cell pellet was resuspended in 5 mL of fresh medi-
um. Optical densities (ODs) of bacterial suspensions were
measured by spectrophotometer (Jenway, OSA, UK) and
normalized to an absorbance of 1.00 at 595 nm. The cul-
tures were diluted 1:40 in fresh tryptone soya broth (TSB)
and 200 pL of each cell suspension was dispensed into 12
wells in a single row of a sterile 96-well flat-bottom poly-
styrene microtiter plate. After incubation at 37°C for 24
hours, the planktonic cells were aspirated and the wells
were washed three times with sterile phosphate-buffered
saline (PBS). The plates were inverted and allowed to dry
for one hour at room temperature.

For biofilms quantification, 200 uL of 0.2% aqueous crys-
tal violet solution was added to each well and the plates
were allowed to stand for 15 minutes. The wells were sub-

sequently washed thrice with sterile PBS to wash off the
excess crystal violet. The crystal violet bound to the bio-
films was extracted with 200 pL of an 80:20 (vol/vol) mix-
ture of ethyl alcohol and acetone and the absorbance of
the extracted crystal violet was measured at 595 nm. As a
control, crystal violet binding to wells was measured, for
wells exposed only to the medium with no bacteria. All
the biofilm assays were performed in triplicates with 12
replicates for each strain per assay. Interpretation of bio-
film production was according to the criteria described
by Stepanovic and colleagues (15).

Based on these criteria, the optical density cut-off (ODc)
value is defined as: average OD of negative control + 3 x
SD (standard deviation) of negative control, and the bio-
films producers are categorized as: no biofilm producer,

< ODc; weak biofilm producer, ODc <~ <2 x ODc; mod-
erate biofilm producer, 2 x ODc <~ <4 x ODc; strong bio-
film producer, > 4 x ODc; where "~ " stands for average
of sample ODs. All the bacterial isolates were examined
for biofilm formation and 10 isolates in each genus with
strong biofilm productions were selected for determin-
ing the MIC of disinfectant on biofilm formation.

3.3. Disinfectant and Determining the Minimal In-
hibitory Concentrations

The disinfectant used in the present study was benzal-
konium chloride (Sigma-Aldrich, Saint Louis, USA). One-
percent solution of benzalkonium chloride was prepared
and preserved for further uses. Standard MICs were deter-
mined by broth microdilution in three unrelated experi-
ments. Briefly, 50 uL of bacterial suspension (containing
2 %108 CFU| mL) in TSB medium was added to 50 pL of se-
rial two-fold dilutions of disinfectant in TSB in microtiter
trays. The plates were incubated for 24 hours at 37°C and
observed for turbidity. The MIC was defined as the lowest
concentration of disinfectant, inhibiting visible bacterial
growth.

3.4. Disinfectant Effects Tests on Planktonic Growth
and Biofilm Formation

To test the disinfectant effects on biofilm formation,
Houari and Martino methods were used (16). The meth-
od briefly includes the following steps: A) Turbidities of
fresh culture of the examined bacteria were adjusted to
0.5 McFarland. B) Fifty microliter of the above bacteria
and the same amount of different dilutions of disinfec-
tant were mixed (dilutions of 2 MIC, MIC, % MIC, % MIC, 1/8
MIC, 1/16 MIC, and 1/32 MIC). C) The microplates were in-
cubated in 37°C for 24 hours. D) The absorbance of plank-
tonic growth of bacteria in 630 nm was determined us-
ing ELISA microplate reader (Bio-Tek, Winooski, USA).

3.5. Statistical Analysis

The results were analyzed and compared using Duncan
multi-range tests in probability level of 5%.
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4. Results

4.1. Properties of Strains

The most efficient biofilm formations were seen in S.
aureus and S. agalactiae strains and the least two were
observed in E. coli ones. For each strain, the MIC was deter-
mined by the conventional two-fold dilution method in
TSB, which were 0.047, 0.03, 0.125, and 0.125 (w% x v%) for
E. coli, S. serotypes, S. aureus and S. agalactiae, respectively.
S. aureus and S. agalactiae were the least sensitive strains,
and Salmonella was the most sensitive one to benzalko-
nium chloride.

4.2. Effects of Benzalkonium Chloride on Bacterial
Planktonic and Biofilm Growth

In Figure 1, biofilm formation and planktonic growth
of the four strains in the presence of different concentra-
tions of benzalkonium chloride are presented. The mean
of strains growth increased after the MIC reached to the
significant level in all bacteria (except for E. coli in 1/32
and S. agalactiae in 1/8 concentrations). The rate of the
strains growth in the concentration of 1/2 was very neg-
ligible and unobservable and growth increase and holes
darkness were observable with naked eyes from the MIC
of 1/4 and in some of them from 1/8. Statistical diagrams
indicated significant increase of planktonic growth in 1/8
MIC and after that. The most planktonic growth was relat-
ed to S. aureus with an OD of 0.93 and the least darkness
was related to Salmonella with an OD of 0.83 (P < 0.05).

Biofilm formation increased with decrease of antisep-
tics concentration; a significant increase was found in all
the samples. The most darkness was related to S. aureus
with an OD of 0.49 and the least was related to Salmonella
with an OD of 0.36, which can be a justifier of the high
MIC of S. aureus and the low MIC of Salmonella.

5. Discussion

The present study was designed to determine the inhib-
iting effects of benzalkonium chloride on biofilm and
planktonic growth of some animal bacterial pathogens.
No significant planktonic growth and biofilm formation
were observed in the presence of benzalkonium chloride
in one and two-fold MICs (P < 0.05). It can imply that ben-
zalkonium chloride concentrations higher than the MIC
have similar effects on planktonic growth and biofilm
formation and there is no need to use concentrations
higher that MIC for controlling bacterial infections. Of
course, the rule is gradually voiding in cases including
the presence of resistance gens, mutation (17, 18), and re-
sistance acquiring (17, 19). In addition, organic materials,
pH, temperature, water rigidity, chemical harnesses and
contact time are involved in the effects of disinfectants
(20-22).

The planktonic growth increase from 1/4 MIC to MIC
was not concrete and observable (with naked eye), which
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Figure 1. The Effect of Benzalkonium Chloride on Planktonic Growth and
Biofilm Formation
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Plates were inoculated with the bacterial suspensions (turbidity of 0.5
McFarland) with benzalkonium chloride at different concentrations and
incubated at 37°C for 24 hours with an OD of 630 nm. Data are expressed
as the mean of three separate experiments in triplicate (+ SD) (*P < 0.05).*
Indicates a statistically significant difference from the previous column.

can be a good sign of appropriate effect of benzalkonium
chloride on planktonic growth, although as said, limeade
OD increase is registered in concentrations less than
MIC by ELISA reader. The results were the conclusion
of 10 bacterial limeade growth means in different
concentrations with triple repetition. However, the
biofilm formation increase was concrete after the MIC
(because of the release of the absorbed color by the
bacteria). More significant increase was found with the
MIC decrease.

The above results indicated that bacteria resistance
against QACs is increasing and can increase the bacterial
biofilm formation. In fact, while these cationic antimi-
crobial agents at doses below in-use concentrations can
be effective to prevent biofilm development of exam-
ined bacterial strains, sub-MIC doses of benzalkonium
chloride can stimulate the strains biofilm formation.
This phenomenon can have deleterious effects, because
biofilm formation is thought to play an important role
in the survival of virulent strains of food-related and
nosocomial staphylococci. Moreover, biofilm formation
has been positively correlated with resistance to QACs for
staphylococci isolated in the food industry (23). S. aureus
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has been reported as a concern in postoperative wound
biofilm infections (24) and mastitis (25). Cross-infection
of methicillin-resistant S. aureus (MRSA) between animals
and humans has been recognized (26). Akimitsu and col-
leagues showed that resistant of S. aureus to oxacillin and
resistance to benzalkonium chloride are closely related
(27).

Evidences show that biofilm life manner causes resis-
tance increase against antimicrobial products. Many
antibiotherapy treatments, currently used to treat bac-
terial infections, are aimed at planktonic bacterial cells,
as opposed to cells encased in a biofilm; this makes their
treatment increasingly problematic. Without adequate
diagnostic and treatment protocols to treat veterinary
biofilms, their impact will remain a significant challenge.
Consequently, one of the bacterial resistance methods is
biofilm growth, by which the cells generally survive, be-
cause of the disinfectants inability to reach the cells. This
will cause bacterial sensitivity reduction (28).

The mode of action of cationic antimicrobials against
bacterial cells involves a general perturbation of lipid bi-
layer membranes (29). Low concentrations of QAC firmly
bind to exposed anionic sites on cell membranes. Such
interaction can decrease the membrane fluidity and af-
fect osmoregulation and physiological functions of cell
membranes (30) as well as biofilm development. Despite
valuable properties, concerns have been raised about
the widespread and irrational use of disinfectants which
could fail the eradication of biofilm-associated microor-
ganisms and serve to select disinfectant-insusceptible
microbes among hospital-acquired pathogens (31, 32). As
a result, the use of benzalkonium chloride as an antimi-
crobial agent should be avoided and special care should
be taken when dealing with inappropriate doses of this
antibacterial agent. The suitable concentration of anti-
microbials should always be supported by experimental
assays. Otherwise, biofilm establishment and bacteria
virulence might be favored, contributing to the increased
prevalence of surface contamination and biofilm-associ-
ated infections.

At higher in-use concentrations, the interactions are
more severe and cause the membrane to lose its struc-
tural integrity, allowing leakage of cellular materials (8).
Stimulation of S. aureus and S. agalactiae biofilm forma-
tion by benzalkonium chloride seems to be unrelated to
any effect on bacterial growth of planktonic cells; but,
effects on cell viability cannot be excluded. Therefore,
the presence of a biocide at a low concentration could
decrease planktonic viability and select against plank-
tonic growth. A study by Smith and Hunter on the ef-
fects of hospital disinfection containing chlorhexidine
gluconate 1%, benzalkonium chloride 4% and triclosan
1%, on the biofilm of multidrug-resistant clinical strains
showed that although disinfection may be effective
against planktonic populations of bacteria, some disin-
fectants frequently used in hospitals against growing
hospital pathogens as biofilms attached to the surfaces,

were inefficient and not able to control the reservoir for
nosocomial infections (33).

Recently, there have been some studies reporting bio-
film adaptation to the benzalkonium chloride sub-MIC
(34-36).Imost of the recent studies on disinfection effects
of benzalkonium chloride, emphasized on inappropriate
effects of the disinfectant on bacterial biofilm formation
(17,19, 33). Hegstad and colleagues showed that microor-
ganisms’ exposure to disinfectants in sub-MIC can lead to
the emergence of resistant colonies. The results suggest
that although the antimicrobial substances are generally
used in very high concentrations, there is always the pos-
sibility that some bacteria exposed to sub-MIC concentra-
tions increase their resistance against disinfectants (19).

The results indicated that benzalkonium chloride was
able to inhibit biofilm formation of different bacterial
species at conventional in-use concentrations. Neverthe-
less, the biofilm formation induction observed for the
strains in the presence of sub-MIC of the disinfectant
raises concern over the inappropriate use of cationic dis-
infectants. Given the prevalence of biofilms in natural en-
vironments, it is not surprising that these growth forms
are responsible for infection in humans and animals.
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